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Introduction
Marked by the Great Recession and the eurozone sovereign crisis, economic activity in Slovenia in 2009-2013 fell significantly, with negative effects on the labour market. 1 The negative association between economic activity and unemployment is a well-established empirical regularity, known as Okun´s law (Okun, 1962) . The significance and strength of this association (i.e., Okun´s coefficient) is important from an economic policy perspective. A significant and strong association implies that Keynesian-type economic policy stimulus may succeed in lowering the unemployment rate, while a non-significant or low association may indicate that unemployment is not cyclically driven and that measures that spur labour market flexibility are needed to bring unemployment down (Apergis and Rezitis, 2003; Binet and Facchini, 2013 ).
The validity of Okun´s law has been extensively analysed at the national level, applying mostly time series analysis, and the international level, applying either time series or panel data analysis (see, e.g., Balakrishnan et al., 2010; Ball et al., 2013). The foundational work of Freeman (2000) has recently invigorated the research on Okun´s law at the regional level either to detect inter-regional differences in Okun´s coefficient (e.g. Apergis Guisinger et al., 2015) or to pool regional data to obtain country-level estimates of Okun´s coefficients (e.g., Binet and Facchini, 2013; Oberst and Oelgemöller, 2013) . 2 The present paper joins the latter strand of literature with the aim of estimating the validity of Okun´s law for Slovenia and each of its NUTS 3-level 3 (nomenclature of territorial units for statistics) statistical regions. The latter, to our best knowledge, is not documented in the literature. The studies for Slovenia (Gabrisch and Buscher, 2006; Malačič et al., 2009; Cevik et al., 2014; Banerji et al., 2015) apply time series analysis, whereas our study is based on panel data. 4 In the extant literature that uses panel data, only a handful of studies (e.g. Oberst and Oelgemöller, 2013) account for cross-section dependence, all by applying a spatial panel model specification. This approach only accounts for the issue of weak-form dependence, which arises due to physical proximity of crosssection units (regions), but not for a strong-form dependence which is due to variability in unobserved factors common to all cross-section units (regions) (see, e.g., Chudik and Pesaran, 2013) , including financial crises, economic policy measures, and regulation changes. The panel-time series literature (e.g., Pesaran, 2006 Pesaran, , 2007 Chudik and Pesaran, 2013) notes that if the strong-form dependence is not accounted for, inconsistent parameter estimates may be obtained. A common approach in the panel-time series literature to account for this form of cross-section dependence is to use Pesaran's (2006) common correlated mean group (CCEMG) estimator. This approach, however, is not robust in the case of endogenous variables (see, e.g., Chudik and Pesaran, 2013; Neal, 2015) which may be the case when regressing the unemployment rate on the gross domestic product (GDP) growth. 5 2 Freeman (2000) argues that the advantage of using regional data to assess Okun´s coefficient is that not just the coefficients for specific regions are obtained, but also a greater variation of the dependent and explanatory variables in the econometric model when the cross section and time series are pooled, which allows for a more efficient estimation of Okun´s coefficient at the national level. 3 NUTSis the European classification of regions for statistical purposes. Slovenia is divided into 2 regions at the NUTS 2 level and 12 regions at the NUTS 3 level. 4 The main challenges that need to be addressed within the panel econometric modelling framework include cross-section heterogeneity, cross-section dependence, and stationarity (see, e.g., Chudik and Pesaran, 2013) . 5 In this case, the GDP growth is ˝correlated with the error term beyond the presence of unobserved common factors˝ (Neal, 2015) , which may lead to a biased parameter (Okun´s
Literature review
In his foundational paper, Okun (1962) empirically derives a negative association between the actual growth of GDP and growth in the unemployment rate (the difference model) and between the cyclical GDP growth and cyclical unemployment (the gap model) known as Okun´s law. By regressing the unemployment rate on the output growth data for the U.S. for 1947-1960, he obtains a parameter estimate (Okun´s coefficient) of -0.3, showing that a 1 percentage point increase in output is associated with a 0.3 percent point reduction in the unemployment rate.
The literature on Okun´s law at the national is vast. One of the main findings of these papers is that Okun´s coefficient may differ considerably from country to country 6 and may change over time. 7 The main factors behind country differences in (and time variability of) Okun´s coefficients are related to structural differences (changes) in labour markets, such as flexibility and security of employment and unemployment benefits (Balakrishnan et al., 2010; Ball et al., 2013), different phases of economic cycles and economic shocks (Balakrishnan et coefficient) estimate. To our best knowledge, no study simultaneously accounts for heterogeneity, cross-section dependence, and endogenous regressor(s) issues. 6 al., 2010), and differences and changes in labour market participation rates (see, e.g., Okun, 1962) .
The literature on Okun´s law at the regional level is relatively thin, including studies for U.S. regions (Freeman, 2000) , states (Kuscevic, 2014; Guisinger, 2015) , and metropolitan statistical areas (Kuscevic, 2014) , regions of Greece (Apergis and Rezitis, 2003) , the Czech Republic and Slovakia (Durech et al., 2014) , France (Binet and Facchini, 2013) , Germany (Oberst and Oelgemöller, 2013) , and regions or provinces of Spain (Villaverde and Maza, 2009) . Only a few studies find small diversity in Okun´s coefficient (e.g., Freeman, 2000) , while most find significant regional diversity in the size of Okun´s coefficient. Some studies report that the coefficient is insignificant and therefore Okun´s law does not apply for some regions in the country of investigation (e.g. Binet and Facchini, 2013; Durech et al., 2014) . Other studies pool regional data to obtain country-level estimates of Okun´s coefficients (e.g., Oberst and Oelgemöller, 2013) . The issue of cross-sectional dependence between regions is recognized and accounted for only by a fraction of studies, mostly by applying the Durbin spatial model (Oberst and Oelgemöller, 2013; Kuscevic, 2014) . Oberst and Oelgemöller (2013) 
where is the unemployment rate, ∆ is the first difference operator, is a logarithm of real GDP, denotes a cross-section unit (region) ( = 1, … ) and denotes time (year) ( = 1, … ) of the panel, is a constant for each cross section in the panel (fixed effects), and is the estimated slope coefficient (Okun´s coefficient) assumed to be negative ( <0). is a 1 vector of common and unobserved factors that govern the cross-section dependence, ̕ is a 1 vector of regression coefficients for unobserved common factors, and is an idiosyncratic error term, which following the literature on panel-time series (e.g., Pesaran, 2006 Pesaran, , 2007 may be spatio-and serially correlated but uncorrelated with . The inclusion of the fixed effects in the above specification, , assures that the effect of region-specific time-invariant factors on the regional unemployment, including, for example, regional differences in the industry structure, remoteness of regions, differences in the availability of housing and its costs, environmental factors, and demographic features, is captured. The common unobserved factors, , capture the effect of those unobserved time-varying variables that uniformly affect the unemployment rate across all cross-section units (regions), including financial crises, oil prices shocks, economic policy measures (monetary policy, fiscal policy, labour market policy, housing policy), and regulation changes, including labour market regulation. Model (1) thus captures the factors of unemployment commonly listed in the empirical models of unemployment and isolates the effect of output growth on changes in the unemployment rate. The common correlated mean group estimator, unlike the spatial econometrics approach applied in the extant studies, ensures that not only a weak-form crosssection dependence but also a strong cross-section dependence is correctly handled (see, e.g., Chudik and Pesaran, 2013) .
Model (1) assumes that the potential GDP grows at a constant rate and that the natural rate of unemployment is constant (see, e.g., Okun, 1962; Ball et al., 2013) . Releasing these rather restrictive assumptions, model (1) can be rewritten as a relationship between deviations in the actual unemployment rate from the natural rate of unemployment (i.e., cyclical unemployment) and deviations in the actual logarithm of real GDP from the logarithm of potential GDP (i.e., cyclical GDP growth) resulting in the gap model (confer, e.g., Ball et al., 2013):
where is the actual unemployment rate, * is the natural rate of unemployment, is a logarithm of real GDP, * is a logarithm of potential GDP, denotes a cross-section unit (region) of the panel, denotes time (year), is a constant for each cross section in the panel (fixed effects), is a slope coefficient (Okun´s coefficient) assumed to be negative, and is an idiosyncratic error term. is a 1 vector of common and unobserved factors that govern the cross-section dependence (we assume the same set of common unobserved factors as in the first model),
̕ is a 1 vector of regression coefficients for unobserved common factors, and denotes errors, with the same characteristics as in model (1) .
Models (1) and (2) nest several possible panel data model specifications. The most parsimonious model specification, which imposes a uniform response of unemployment rate to GDP growth across regions (i.e., does not allow for heterogeneity of Okun´s coefficients, and , respectively) and does not control for the cross-section dependence across the panel groups (regions), is the fixed effects (FE) model:
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Allowing for heterogeneity of Okun´s slope coefficients, but not controlling for the cross-section dependence across the panel groups (regions) yields the mean group (MG) model of Pesaran and Smith (1995) :
where , and , are Okun´s coefficients for individual regions, obtained by estimating the model for each region in the panel using OLS. A consistent countrylevel estimate of Okun´s coefficient is obtained by calculating the mean Okun´s coefficient for the regions 9 (see Pesaran and Smith (1995) for a detailed description).
Both issues (i.e., heterogeneity of Okun´s slope coefficients and crosssection dependence generated by (unobserved) common factors) can be addressed by applying the common correlated effects mean group model (CCEMG) specifications of (1) and (2):
where.̅ denotes the average of the variables across the regions and , and , are Okun´s coefficient estimates obtained by estimating the model for each region in the panel using the OLS estimator. A consistent country-level Okun´s coefficient estimate is obtained from regional Okun´s coefficients the same way as in the MG model: by taking the average of Okun´s coefficient estimates for the individual regions.
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To control for heterogeneity of Okun´s slope coefficients, the cross-section dependence, and endogeneity of regressors, following Neal (2015) , the individual Okun´s coefficient estimates are obtained by estimating models (1c) and (2c) for each region in the panel using the two-stage least squares (2SLS) estimator. Consistent country-level Okun´s coefficient estimates are obtained from regional Okun´s coefficients by taking the average of the Okun´s coefficient estimates for individual regions. Going forward, we refer to this model specification as the CCEMG-2SLS.
All models are estimated using Stata: the FE model specification with the in-build codes, the MG and the CCEMG with the xtmg code of Eberhardt (2012) , and the CCEMG-2SLS model specification with the xtcce code of Neal (2016).
Data and the empirical results
All empirical models are estimated including all Slovenian regions: Pomurska, Podravska, Koroška, Savinjska, Zasavska, Spodnjeposavska, JugovzhodnaSlovenija, Osrednjeslovenska, Gorenjska, Notranjsko-kraška, Goriška, and Obalno-kraška. Data consist of yearly observations for 2000-2015, limited by data availability. The panel sample is balanced. Specifications of the variables used in the models are presented in Table 1 . 10 As shown byPesaran (2006) the common factors in thecommon correlated effects mean group estimatorneed not be explicitly determined because they can be accounted for by the cross-section averages of the model´s observed variables. 11 See Pesaran (2006) for the proof of consistency of the parameter estimates obtained by the CCEMG estimator. The natural rate of unemployment is proxied by the trend unemployment rate by applying the Hodrick-Prescott filter 12 ; the smoothing parameter, as common in the literature, is set to 6.25 Own calculations based on the primary data for Natural logarithm of the potential GDP ( * ) for the region and year
The potential GDP is proxied by the trend GDP by applying the HodrickPrescott filter; the smoothing parameter, as common in the literature, is set to 6.25 Own calculations based on the primary data for Figure 1 depicts the regional diversity in growth of real GDP and the unemployment rate during the observed time period. A contraction in output in2009-2013 accompanied by a surge in the unemployment rate is evident for all regions. 12 While alternative methods can be used to estimate the potential GDP and the natural rate of unemployment, the Hodrick-Prescott filter is likely the most frequently applied statistical method to estimate the potential GDP and the natural rate of unemployment. This is one argument for use of this method, the other is its ease of use. Table 2 ) that the dependent and explanatory variables used in the empirical models are stationary. Spurious regression is thus not an issue in our case. (2007) is applied.
The parameter estimates along with diagnostics tests of models (1a)-(1c) are presented in Table 3 while for models (2a)-2(c) in Table 4 . The results show that the FE and MG model specification estimates of the country-level Okun´s coefficient are similar to each other and somewhat higher than the estimates from the CCEMG and CCEMG-2SLS model specifications, which also are close to each other. Two main statistical diagnostic tests are performed to help judge the statistical merits of the models. The goodness of fit (measured by the root mean square error, RMSE) improves with the models that take account of cross-section dependence (CCEMG and CCEMG-2SLS). A CD test is performed to measure the extent to which the cross-section dependence in the residuals of the estimated models is an issue (to recall, inconsistent parameter estimates may result). Evidently, for the FE and MG models, the cross section is an issue, as indicated by rejection of the null hypothesis of no cross-section dependence by the CD test. The CCEMG and CCEMG-2SLS model specifications considerably reduce the problem of cross-section dependence, in both the difference and the gap model; the null of no cross-section dependence in the errors cannot be rejected at the typical significance levels for rejection of the null hypothesis. In the difference model, the CCEM-2SLS performs best in reducing the cross-section dependence problem, while in the gap model this is achieved using the CCEMG model. The results of the diagnostic tests show that the cross-section dependence and heterogeneity of Okun´s coefficient must be addressed in panel data studies on the validity of Okun´s coefficient. According to Neal (2015) , the CCEMG-2SLS model, unlike the CCEMG model, is robust to endogeneity in regressors. This, coupled with the diagnostic tests, singles out the CCEMG-2SLS model specification as preferred from a statistical point of view. The results of models (1a)-(1c) are presented. Although the models written above do not contain a constant, Stata reports the constant as the average of fixed effects. This does not affect parameter estimates. The standard errors of parameter estimates are given under the parameter estimates. ***/**/* denote the 1%/5%/10% significance level of the parameter estimates. A Parameter estimates for the cross section means of the variables, specified in models (1c), are not reported because they have no reasonable economic interpretation. B Following Neal (2015) , the instrumental variable approach to 2SLS is applied. The cross-section averages, a constant and the first and second lag of the regressor and the dependent variable, are used as instruments in the CCEMG -2SLS model. For details, see Neal (2015) . C RMSE is the root mean square error. D D test is the Pesaran´s (2004) crosssection dependence test. The test statistics and the significance level for rejection of the null are noted (in parentheses). The Stata code xtcd of Eberhardt (2017) is used for the CD test. ). This implies that during the recovery phase of an economic cycle the local labour market may take relatively longer to recover than foreign markets. The Okun´s coefficients estimated for individual regions, based on the CCEMG-2SLS, and, for comparison reasons, also for the MG specification of the difference model are presented in Table 5 . The table shows that in the case of the MG specification Okun´s coefficient is statistically significant for all regions, while for the CEEMG-2SLS specification it is only statistically significant for 6 regions at the 5% significance level. The results also demonstrate heterogeneity in Okun´s coefficient: The highest significant Okun´s coefficient is estimated for the Pomurska region, the lowest for the Gorenjska region. We note that some of the non-significant Okun´s coefficients have an unexpected sign. Lower Okun´s coefficients estimated for some regions imply that these regions´ labour markets need a longer time to recover following an economic shock that led to an economic slowdown or contraction in the region. NonsignificantOkun´s coefficients do not imply that there is no association between real GDP growth and the unemployment rate; they merely imply that there is no significant contemporary association. The unemployment rate in those regions may simply be more persistent (long-term). The regional-level studies on Okun´s coefficient claim that inter-regional heterogeneity in the sensitivity of the unemployment rate to economic cycles may be due to inter-regional differences in the level of human capital (Durech, 2014) or education attainment (Guisinger et al., 2015) , industry structure (Durech et al., 2014; Guisinger et al., 2015) , trade union membership (Guisinger, 2015) , rate of labour migration and commuting (Kuscevic, 2014) , or productivity growth (Villaverde and Maza, 2009 ). MG and all CCEMG model specifications control for some of these regional differences; by including the fixed effects in the model specification, they control for all the time-unvarying regional differences (e.g., environmental factors, time-unchanging demographic features) even though these variables are not explicitly included in the model specification. The regional differences observed from the results presented in Table 4 can then be a result of other factors not captured by the models´ specifications, such as specific regional economic shocks, differential evolution of industry structures, average labour productivity growth, human capital growth, development of transport and other infrastructure important for output growth, and inter-regional labour mobility across regions and over time.
Following the reasoning of, among others, Binet and Facchini (2013), expansionary economic policy alone, especially in the regions for which Okun´s law seems not to apply or the coefficient is relatively low, may not be sufficient to bring down the unemployment rate following an economic shock. Such policy should be accompanied by regional policy and measures that spur sustainable economic growth (e.g., support for regional infrastructure development, investments in research and development, education, and information and communication technology, and foreign direct investment).
Conclusion
This paper studies Okun´s law in Slovenia and its NUTS 3-level regions, applying the difference and gap models for the period 2000-2015 and different panel-time series estimators: fixed effects, mean group, common correlated mean group, and common correlated mean group two-stage least squares. The results show that when all main issues identified in the panel-time series literature are accounted for (i.e., heterogeneity, cross-section dependence, and endogenous regressors), Okun´s law at the national level can only be confirmed for the difference model. At the regional level, the results suggest that Okun´s law applies in 6 out of 12 regions. Notable differences between regions can be observed. Factors that may explain regional heterogeneity and the relevance of the paper´s findings for economic policy are discussed.
